Although the preponderance of research linking nurse staffing to patient safety is compelling, [1] [2] [3] there are limitations in the available evidence. [3] [4] [5] A comprehensive review of studies published before 2004 showed that ample evidence exists of an inverse relationship between nurse staffing and both failure to rescue and inpatient mortality. 2 Authors of the review cite Bimprobable[ associations between nurse staffing and 15 other patient outcomes, including pressure ulcers, patient falls, and treatment errors, 2(p329) and mixed evidence for relationships between nurse staffing and illnesses such as pneumonia and urinary tract infections. Despite equivocal evidence, nurse-sensitive quality measures are increasingly important in healthcare public reporting and pay-for-performance. Furthermore, regulatory interventions such as California's landmark 1999 legislation mandating minimum nurse staffing ratios have occurred in the absence of empirical data to prescribe staffing levels that ensure patient safety. [2] [3] [4] 6 The ambiguity in the staffing-outcomes literature may be a result of varied sources of available data, different levels of analysis, and other methodological challenges, including model specification, risk adjustment, and control variables. 4, 5, 7 Two frequently used existing administrative sources for staffing data are the American Hospital Association (AHA) and hospital payroll data; however, both have limits. The AHA data do not differentiate inpatient from outpatient nurses; hospital payroll data do not differentiate direct care hours from those unrelated to direct care, for example, meetings. Furthermore, data aggregated over time (eg, quarters or years) or place (eg, unit or hospital) do not reflect daily variability or, more importantly, shift variability; aggregation Bsmoothes out[ high and low spikes in staffing.
Although research using aggregated staffing has shown significant associations with mortality and some complications, 2, 3 this is more a reflection of chronically understaffed units and hospitals 4 ; lower staffing levels on some shifts will disappear when aggregated to the unit level. Likewise, the effects of lower-staffed units will be masked when staffing is aggregated to the hospital level. These limitations may confound the ability to attribute discrete events to specific nurse staffing indicators in place when the event occurs.
To address these methodological concerns, we conducted a longitudinal, multihospital study to analyze the relationship of nurse staffing and temporally distinct adverse patient eventsVthose events that happen at a specific time. A basic assumption of this study was that adverse patient events occur in the absence of sufficient staffing on that shift. Because staffing is generally scheduled by shift and adjusted each shift based on workload, the shift was selected as the unit of analysis to investigate associations between staffing and adverse patient events, ie, falls, falls with injury, and medication administration errors (MAEs).
Methods

Sample
The data source for this analysis, the Military Nursing Outcomes Database (MilNOD), evolved from a multisite demonstration project conducted to test the feasibility and usefulness of replicating the Collaborative Alliance for Nursing Outcomes (CALNOC) database development in the military health system. 8 One of the largest in the nation, the military health system serves more than 9 million active and retired beneficiaries and their families, a population considered to be a microcosm of the larger American society. 9 Differences in nurses and patients between military and civilian hospitals are addressed elsewhere. 8 The hospital sample (N = 13) was selected based on military affiliation and geographic proximity to predesignated study hub sites. See Table 1 
Adverse Event Measures
A fall was defined as a patient's unplanned descent to the floor 10 and further described as with or without injury, depending on whether an injury was sustained, as documented on the incident report, at the time the fall occurred. MAE was defined as a deviation from the physician's documented order committed by a nurse. 11 These were differentiated from errors due to pharmacy or physicians. The source of the adverse event data was institutional incident reports, which were collected, categorized, and analyzed monthly by a trained on-site research assistant.
Covariates
Correlates of adverse events or staffing include patient census, patient acuity, hospital size, and temporal covariates, that is, shift time, day, and year. Patient census was recorded each shift. Patient acuity was obtained from a standard acuity system used by the military. 12 As standard practice, day-shift nurses tabulated each patient's acuity rating on a scale from 1 = minimal care to 6 = critical care, based on a list of nursing care activities and a time factor value associated with each. Average acuity for each unit on the day shift was used. Hospital size was defined as small (G50 occupied beds) and large (9100 occupied beds). There were no medium-size facilities.
Data Collection
After institutional review board approval from each hospital, research team members introduced the study to the major stakeholders at each participating hospital. An intensive educational program, including variable definitions and familiarization with the MilNOD Codebook and trial data collection, ensured staff proficiency with the data collection processes.
Because of the wide variety of shift designations in the participating units, staff hours were standardized to an 8-hour shift category. Staffing measures were captured for each: day (7:00 AM to 2:59 PM), evening (3:00 PM to 10:59 PM), and night (11:00 PM to 6:59 AM). At the end of every shift, a designated unit staff member entered hours worked by each provider type and staff category into a standardized Microsoft Access database housed on a unit computer.
For 12-hour shifts, work hours were split into the 2 periods that encompassed the shift, typically with 4 hours on one shift and 8 on the other. Data entry personnel were instructed not to count nursing hours spent away from the unit (eg, in a class or as borrowed manpower Bfloated[ to another unit). Similarly, hours worked by nursing personnel on loan to a specific unit or by those providing consultation on that unit, such as a wound care nurse, were counted as direct care hours worked on that unit.
For adverse patient events, the institutional incident reports were reviewed by trained on-site nurses, and data including unit, date, time, and patient harm were extracted and merged with the shift of occurrence. A 3-month lag time ensured that all incident reports traversed the system and were available for review.
Data Quality
Evaluation of reliability and validity of the prospectively collected data was built into the early phase of the project, and results are described in detail elsewhere. 8 Study staff was available in person and by conference call to verify data entry and coding practices. The adverse event data were categorized and evaluated for agreement by 2 study team members. Data entry errors were continuously assessed with quarterly reports, and the study units were contacted for unusually high or low adverse occurrence numbers. Outliers were reconciled with unit managers. Missing data percentages were included in the quarterly reports.
Data Analysis
In addition to ongoing data assessments, at the outset of analysis the entire data set was evaluated for out-of-range and missing data. Out-of-range elements that could not be reconciled were recoded as missing. Last value carried forward was used to impute missing census (7% of shifts), staffing values (2% of shifts), and patient acuity (35% of days) information. This method was chosen based on observations that census and patient acuity values were positively autocorrelated; that is, they show considerable overlap from day to day, as well as from shifts within a day. Shifts with missing outcomes were excluded from analysis.
Because multiple adverse events per shift were extremely rare (eg, only 0.08% of shifts had 2 or more MAEs), all outcomes were dichotomized as 0 indicating the absence of, or 1 the presence of, an adverse patient event on a shift. The probability of each adverse event was modeled using Bayesian hierarchical logistic regression. 13 This modeling framework accounts for the nesting of shifts within days within units. For comparability and simplicity of presentation, we chose to fit and report an identical model specification to all outcomes and across all unit types. Because patient care characteristics in small hospitals differ from those in larger ones (eg, level of specialization, as well as organizational and structural factors), we adjusted for hospital size. Unit types were analyzed separately. Only statistically significant odds ratios are reported. (See Tables for full results Results Table 2 provides the covariates summarized by unit type. Figure 1 shows the observed rate of each outcome by unit type. MAEs occurred more frequently than either type of falls. Table 3 shows the results of analyses for falls, falls with injury, and MAEs. A greater proportion of RNs relative to unlicensed assistive personnel (the comparison category) was significantly associated with fewer falls in medical-surgical and critical care units but not in step-down units. Fewer falls were associated with a higher percentage of DoD civilian nurses working on a shift. Higher nursing care hours per patient per shift were significantly associated with a decreased likelihood of both falls and falls with injury. Increased acuity was associated with increased falls only on medical-surgical units. A higher patient census was significantly related to more falls in both step-down and medical-surgical units. Falls without injury were more frequent on night shift; day of the week was not associated with falls.
Falls and Falls With Injury
Medication Administration Errors
As with falls, a higher percentage of RNs compared with unlicensed assistive personnel was significantly associated with fewer MAEs in medicalsurgical and critical care units. A higher proportion of DoD civilian nursing staff was associated with fewer MAEs, particularly in step-down and critical care units.
A higher number of total nursing care hours per shift were significantly associated with fewer MAEs occurring in medical-surgical and critical care units. Night shift had significantly fewer MAEs. Daily census and acuity were positively associated with MAEs.
Discussion
The findings of this study support the assumption that adverse events occur during shifts that are staffed with fewer personnel overall and fewer RNs in particular. Differences in fall rates by unit type were expected because of the nature of patients' illness-related mobility restrictions in each type of unit. Differences in rates of MAEs were also expected based on the observation that critical care nurses care for fewer patients and thus may be more familiar with the medications for each patient, whereas medical-surgical nurses care for several patients concurrently and may not be as familiar with each patient's specific medication regimen.
Relationships with RN skill mix were most notable in falls with injury; each 10% decrease in RN skill mix was associated with a 36% increase in the likelihood of falls with injury in critical care units and with a 30% increase on medical-surgical units. This association was greater on critical care units, where high-acuity patients are beginning ambulation after critical illness. The RNs on those units could be more aware of underlying physiological implications of patient-specific medications, extended bed rest, illness, and injury matters that might not be well understood by other levels of nursing personnel.
There was a strong relationship between total staffing (nursing care hours per patient shift) and falls with injury. Depending on unit type, a 15% to 51% increase in falls with injury was shown with each decrease of 1 hour of nursing care per shift. This finding differs from a CALNOC report 6 showing that staffing changes from mandated nurse-to-patient ratios were not associated with patient falls. One explanation may be the relatively wide variation in staffing noted across shifts in our study. This variation is likely muted when staffing data are aggregated to a monthly level, the procedure commonly used with other nursing outcomes databases.
The percentage of staff on a shift who were DoD civilians had several remarkable associations. A 10% 
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Stepdown decrease in the percentage of civilian staff on a given shift was associated with a 33% to 48% increased likelihood of falls and as much as a 67% increased chance of MAEs. To help explain this relationship, we examined the differences in demographics between military and civilian nurses from a crosssectional annual survey of nurses from our participating hospitals. Noteworthy among the differences was the level of experience. Military nurses had, on average, 9 years less experience than the civilian nursing personnel (5 vs 14 years, respectively; t = j17.88, P G 0.001). This difference was also observed in a separate study using a different military sample. 14 This experience level difference reflects a philosophical distinction in career expectations of military and civilian nurses. Military nurses begin their careers in bedside care units and are expected to move into leadership positions and away from direct care. Civilian nurses do not have this expectation, infrequently hold nonYdirectcare positions, and are usually hired with at least 1 year of experience. Our study's personnel category may be serving as a proxy for experience, which other researchers have found to be associated inversely with MAEs and falls. 15 Future studies could investigate how individual nurse assignments and/or the degree of teamwork among staff nurse personnel may impact adverse event occurrences.
Alternate explanation for falls and MAEs that may have influenced our findings includes case-mix differences, which we did not control for directly; rather we analyzed unit types separately as a rough control for case mix. Still, even among critical care units in large hospitals, we could expect differences in case mix that were not captured by our acuity measure.
In analyzing shift times, 45% fewer MAEs occurred on critical care units at night. This lower incidence may have resulted because fewer medications are administered during night shifts, fewer new or modified medication orders are received on night shifts, and therefore fewer opportunities for error would exist, or there may be fewer interruptions during night shift medication dispensing.
The limitations in this study include the use of incident reports for our primary outcome variables, the amount of missing data on acuity, and the lack of adjustment for risk of falling or for risk of MAE. Skepticism and controversy surround the use of institutional incident reports as markers of patient safety because of assumed underreporting from the voluntary nature of reporting, fear of administrative reprisal, and fear of litigation. 16 However, the quarterly rates of falls and MAEs reported in this study as ranges per 1,000 patient-days (ie, 1.0-3.3 and 2.6-5.7, respectively) are comparable to others reported in the literature that used incident reports (eg, falls 3.73 [Dunton et al 10 ]). Because we were investigating whether an adverse patient event occurred on a shift, we did not consider patient risk of falling or doses of medications dispensed. As a result, we were not able to examine the relationship of staffing to prevention of falls in the presence of risk. The incidence of more than 1 adverse event per shift was extremely small; thus, once an adverse event occurs on a shift, it may serve to heighten attention to preventing a second event throughout the rest of the shift. For the rarer outcome of injury falls, odds ratios (ORs) for large versus small hospitals and yearly ORs relative to 2006 rates were unstable because of the very low numbers of events for subsets of the data relevant to those calculations. Therefore, those specific results need to be used with caution.
Another limitation may be the generalizability of our results. We studied care in a particular healthcare system that is governed by additional rules, regulations, and accountability, possibly limiting variability between the hospitals themselves. Yet, our study documents substantial variability in staffing and adverse events. Although there are differences in the military healthcare system, its beneficiaries mirror the civilian population according to a recent report. 9 The authors found no published case-mix comparisons between military and civilian hospitals nationally, however, the military monitors beneficiary care provided in both military and network hospitals (ie, care purchased by the military within the civilian sector). Network hospitals have a higher average length of stay, attributable to a higher procedural complexity, than military hospitals 19 ; however, the difference was small (ie, 0.66 days in 2009) and perhaps not clinically significant.
There are notable strengths to this study. Because the database was designed to inform leadership for ongoing decision making, the data elements were standardized using the measures recommended by the National Quality Forum, 20 and plans were incorporated to ensure reliability and validity of the data and its collection processes.
This study broke new ground in its methodological granularity and in linking unit-level, shiftspecific staffing to key adverse events that are preventable in hospitals and provides strong evidence for continuing discussions examining the relationship of patient outcomes to nursing care.
We hope our results can more specifically argue for the value of continuing the quest to determine the right nursing skill mix at the right time and for the right patients. Utilizing prospective databases within hospital systems will be extremely useful for future tracking, research, and analyses.
Implications for Nurse Managers and Executives
This study provides evidence that every shift must be adequately staffed with the right numbers and mix of nursing staff qualifications and experience. However, it cannot prescribe that number or mix. In this imperfect science, a better understanding of Bcorrect[ staffing levels can be attained only by the knowledge that comes from ongoing monitoring of staffing and outcomes at the lowest organizational level possible.
The findings from this study support a working model for collecting and disseminating reliable, valid, and usable data across hospitals to support patient safety. Promoting the use of high-quality inpatient data can contribute to the development of evidence-based policies and procedures to monitor the effect of nurse staffing on clinical and service outcomes. This model is currently being modified as an interdisciplinary clinical outcomes database for patient safety metrics in Army medical facilities.
Fundamental questions remain, including the ways in which unit-level patient care factors, beyond the structural indicators, interact to alter patient care outcomes and hospital-level performance. Although there is general consensus in the literature that nurse staffing is linked to patient outcomes, little is known about the ways in which variations in characteristics of the nurse workforce, nurse workload, and specific nursing practices interact to affect acute care outcomes.
